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REMARKS 

The Examiner is thanked for his courtesies and suggestions in 
the final Office Action regarding amendment of Claims 4 and 7, 
Accordingly, Claims 4 and 7 have been amended in a manner approved 
by the Examiner. Support for the amendment of Claims 4 and 7 can 
be found in the Specification on page 6, lines 10-13. The present 
amendment is deemed not to introduce new matter. Claims 1-8 remain 
in the application. 

Reconsideration is respectfully requested of the rejection of 
Claims 1-8 under 35 U.S.C. § 102(b) as being anticipated by 
Lamanna, et al . 

As previously pointed out, the present invention relates to a 
cationic photocatalyst composition and a photocurable composition 
which can assure a sufficient open time after irradiation and 
enhance the adhesive strength after the cure. These goals are 
accomplished by using a cationic photocatalyst composition 
comprising a photosensitive onium salt having a low thermal 
catalytic activity in the approximate temperature range of 20-80°C, 
together with a compound either represented by Formula (1) in the 
claims or having, as a substituting group, a structure of formula 
(1) . 

Applicants unexpectedly discovered that when such a 
composition is used in combination with a cationically 
photopolymerizable compound and irradiated, the action of the 
compound represented by the Formula (1) not only insures a 
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sufficient open time after irradiation, but 'also results in the 
provision of a cured product which has been unexpectedly found to 
exhibit the same level of adhesion as those obtained by using 
conventional cationic photocatalysts . (See Specification, page 40, 
lines 11-24.) 

This type of adhesive is especially advantageous where a 
sufficient open time is needed such as to allow easy joint 
operations before curing of the adhesive. Also, the adhesive of 
the present invention also provides sufficient adhesive strength 
after cure, as well as enhanced adhesion and durability. (See 
Specification, page 41.) 

The Lamanna, et al. reference discloses photocurable 
compositions comprising cationic photoinitiators with fluorocarbon 
anions. The salts of the anions and cations described in Lamanna, 
et al. may be activated by radiation or by heat or may require two- 
stage activation involving radiation followed by heat. (Column 8, 
lines 58-60.) The Lamanna, et al. reaction may use a catalyst or 
initiator salt prepared by anion exhange or metathesis reactions by 
combining initiator or catalyst free acids or salts that contain 
conventional counter anions. Generally metathesis reactions can be 
carried out at temperature ranges from about -80°C to about 100°C. 
(Column 9, lines 13-21.) 

In contrast, the composition of the present invention is 
activated not by thermal polymerization, but instead by 
photopolymerization. This is advantageous since it avoids thermal 
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polymerization during storage in areas where excessive temperatures 
may initiate polymerization while on the shelf. Accordingly; the 
onium salts of the present invention have low thermal catalytic 
activities as now set forth in Claims 1 and 7 herein. 

As discussed above, the Lamanna, et al . reference describes 
energy sensitive salts which are activated by photo energy, thermal 
energy and the like. These salts have a particular fluorocarbon 
anion as a counter anion. However, the onium salts of the present 
invention have no fluorocarbon anion. 

Importantly, there is no disclosure whatever in the Lamanna, 
et al. reference of onium salts having low thermal catalytic 
activity in the temperature range of 20 °C to 80°C. In this 
connection, the Examiner's attention is directed to Lamanna, et al. 
which discloses in Example 5 (column 22 and 23) and Table 3 DSC 
data of curable compositions comprised of bisphenol A type epoxy 
resin (EPON 828) , ethylene oxide chain-extended bisphenol A type 
polyols (SYN PAC 8024) and different benzocainium salts. In Table 
3 there is presented DSC data of the curable composition containing 
each of three onium salts, i.e. 

a) [p-H 3 N(C 6 H 4 )C0 2 Me][Methide], b) [o- H 3 N(C 6 H 4 )C0 2 Mej[Methide] 5 c) [p-H 3 N(C 6 H 4 ) 
C0 2 Me][Imide] and d) [o- H 3 N(C 5 H 4 jC0 2 Me][Imidej . 

As can be seen from Table 3, when salt a) is used, the heat of 
reaction is generated at a temperature of from 78°C, and the peak 
of heat generation is observed at 91°C. In case of salt b) , the 
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heat of reaction is generated from 58°C, and its peak is reached at 
80°C. In case of using the salt c) , the heat of reaction is 
observed at 62°C and 87°C. In case of using the salt d) , the heat 
of reaction is observed from 48°C, and the 1st peak is at 68°C. 

On the basis of this clear and unambiguous disclosure of 
Lamanna, et al., it is respectfully submitted that those skilled in 
the art would readily understand that any of the onium salts shown 
in Table 3 of Lamanna, et al . have catalytic activity in a 
temperature range of not higher than 80°C . 

Further, Lamanna, et al. describe in column 26, lines 55 to 57 
that "The activity of this product was verified by adding it to 
cyclohexene oxide, which polymerized rapidly and exothermically" . 
It is respectfully submitted that this test result provides 
additional evidence to those skilled in the art who would, with 
this reference before them, readily understand that at least the 
onium salt Cp2FeC (S0 2 CF 3 ) 3 is catalytically activated at room 
temperature (20°C to 30°C) . 

Further, Lamanna, et al. show in Table 8 and column 2 8 that 
curable compositions using Cp 2 FeN (CF 3 S0 2 ) 2 or Cp 2 FeC (S0 2 CF 3 ) 3 
has a curing time of 82 or 39 seconds, respectively, at 80°C. The 
fact that these reactions occur in much short times means that the 
onium salts are catalytically activated at temperatures of no 
higher than 80 °C . 

Enclosed is a copy of an article entitled, "Curing of Epoxy 
Resins by Novel Sulf onium salts", Japan Adhesive Institute Vol. 28, 
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No. 7, pp 263 to 271 (1992) . This article demonstrates that onium 
salts stable at high temperatures for a short period but having 
catalytic activity at the low temperature of about 40 °C are well 
known in the art. Particularly, using the sulf onium salts 2a and 
2b described in Table 1 of the article, mixture of the respective 
salts with phenyl glycidyl ether formed a gel after 4 and 20 hours, 
respectively, at a temperature of 40°C as illustrated in Table 3. 
This means that these salts have catalytic activity at 40°C . 

On the other hand, Table 1 of this article disclosed that the 
melting points of the salts 2a and 2b are, respectively, 114°C to 
116°C and 167°C to 168°C, and thus, these salts are stable for the 
short time period needed for measuring the melting point. In 
addition, although deterioration has partially occurred, such 
deterioration is not a problem, since the time period for 
measurement of the melting point is very short. 

The foregoing article establishes that onium salts stable at 
high temperatures for a short time period but having catalytic 
activity at about 40 °C for a longer time period were well known to 
the art before the date of the invention of Lamanna, et al . 

The fact that onium salts can be synthesized at 20°C to 80°C 
does not mean that these salts have low catalytic activity at the 
temperature range of 20°C to 80°C. A low reaction activity with an 
epoxy resin is not directly related to the heat stability of the 
catalyst . 

A chemical compound and its properties are inseparable. A 
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formula is not the compound or what is patented. Patentability 
does not therefore depend solely upon the similarity of the formula 
of the claimed compound to that of a prior art compound. In re 
Ward , 141 USPQ 227 (CCPA, 1964) . 

In the present case, the Lamanna, et al. reference fails to 
disclose photosensitive onium salts having low thermal catalytic 
activity in the approximate temperature range of 2 0°C to 80 °C as 
now called for in the claims herein. This important property of 
the claimed composition is nowhere disclosed or even suggested by 
Lamanna, et al . On the contrary, a cationic photocatalyst 
composition containing a photosensitive onium salt having low 
catalytic activity in the approximate temperature range of 2 0°C to 
80°C is found only in the present application, and constitutes an 
important element or aspect of the present invention. For these 
reasons, it is respectfully submitted that Lamanna, et al. does not 
disclose all of the claimed elements of the present invention. 
Therefore, the rejection fails, as a matter of law. Consequently, 
the Examiner would be justified in no longer maintaining this 
rejection. Withdrawal of the rejection is accordingly respectfully 
requested . 

Reconsideration is respectfully requested of the rejection 
of Claims 1-8 under 35 U.S. C. § 103(a) as being unpatentable over 
Mahoney, et al . in view of Lamanna, et al. 

The Lamanna, et al. reference is discussed above. 

It is also noted that the Examiner recognized in the Office 
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Action dated December 12, 2 001 that Mahoney,' et al . does not 
expressly teach using onium salts in the organometallic initiator 
system. Since Lamanna, et al . fails to disclose a cat ionic 
photocatalyst composition having a photosensitive onium salt with 
low thermal catalytic activity in the approximate temperature range 
of 20°C to 80°C / it follows that the substitution of the initiator 
system of Lamanna, et al. in the composition taught by Mahoney, et 
al. would not yield the cationic photocatalyst composition of the 
present invent ion . 

The mere fact that references can be combined does not render 
the resultant combination obvious unless the prior art also 
suggests the desirability of the combination. In re Fritch , 23 
USPQ 2d 1780 (CAFC, 1992) . Citing references that indicate that 
isolated elements and/or features recited in the claims are known 
is not a sufficient basis for concluding that the combination of 
claimed elements would have been obvious. Ex parte Hiyamizu , 10 
USPQ 2d 1393 (BPAI, 1988) . 

In the present case, it is apparent that a combination of 
references cited relies upon isolated elements or features now 
called for in the claims herein. However, this is not a sufficient 
basis for concluding that the combination is obvious. For this 
reason, it is respectfully submitted that the rejection fails as a 
matter of law. Consequently, the Examiner would be warranted in no 
longer maintaining the rejection. Withdrawal of the rejection is 
accordingly respectfully requested. 
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The application is now believed to be in condition for 
allowance and early action and allowance thereof is accordingly 
respectfully requested. If there is any reason why the application 
cannot be allowed at the present time, it is respectfully requested 
that the Examiner contact the undersigned at the number listed 
below to resolve any problems. 



TOWNSEND & BANTA 
1225 Eye Street, N.W. 
Suite 500, #50028 
Washington, D.C. 20005 
(202) 682-4727 

Date: September 3, 2002 



Respectfully submitted 




Donald E . Townsend 
Reg. No. 22,069 




Donald E. Townsend, Jr. 
Reg. No. 43,198 



11 



DOCKET NO. M&M-033-USA-PCT 
MARKED -UP VERSION OF AMENDED CLAIMS 4 and 7 



Please substitute the following amended Claims 4 and 7 for the 
original Claims 4 and 7 • 

4. (Amended) A cationic photocatalyst composition 
comprising : 

A. a photosensitive onium salt selected from the group 
consisting of aromatic diazonium salts, aromatic iodonium salts, 
and aromatic sulfonium salts [excluding an onium salt having a 
fluorocarbon anion which is an (a) imide anion having two highly 
fluorinated alkylsulf onyl, fluorinated arylsulf onyl , or 
perf luoralkylsulfonyl groups, and combinations thereof, or (b) a 
methide anion having three highly fluorinated alkylsulf onyl, 
fluorinated arylsulf onyl , or perf luoroalkylsulf onyl groups, and 
combinations thereof] , and 

B. a compound either represented by formula (1) or having, as 
a substituting group, a structure of the following formula (1) ; 



R 




wherein R and R' are selected from hydrogen, halogen, 
saturated hydrocarbon groups, unsaturated hydrocarbon groups, 
substituting groups comprising any combination of elements such as 
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carbon, hydrogen, oxygen, nitrogen and sulfur; and 1 and n each is 
an integer of 2 or larger. 

7. A cationic photocatalyst composition [compmrising] 
comprising : 

A. a photosensitive onium salt having low thermal catalytic 
activities in the approximate temperature range of 20-80°C, said 
photosensitive onium salt being selected from the group consisting 
of aromatic dia zonium salts, aromatic iodonium salts and aromatic 
sulfonium salts [excluding an onium salt having a fluorocarbon 
anion which is an (a) imide anion having two highly fluoronated 
alkyl sulfonyl, fluoronated arylsulfonyl, or perf luoroalkyl 
sulfonyl groups, and combinations thereof, or (b) a methide anion 
having three highly fluoronated alkylsulfonyl, fluorinated 
arylsulfonyl, or perf luoroalkylsulf onyl groups, and combinations 
thereof] , and 

B. a compound either represented by formula (1) or having, as 
a substituting group, a structure of the following formula (1) ; 




1 



wherein R and R' are selected from hydrogen, halogen, 



13 



DOCKET NO- M&M-033 -USA-PCT 

saturated hydrocarbon groups, unsaturated hydrocarbon groups, 
substituting groups comprising any combination of elements such as 
carbon, hydrogen, oxygen, nitrogen and sulfur; and 1 and n each is 
an integer of 2 or larger. 



14 






* 






JtS 


C 




25 




V 




3af 


5? 


Pr 




















1 
I 


in 


£5. 


K* 


4ff 




1 




xt- 
q: 


77 




tufi 


















"si 

yr 


r 3 




■M- 
U 


>+■ 


Vi 






ri 






Ci; 














H 


0 






*— I 


0* 


VI 

?T 








3** 


0 










r" 


rr 


li 


p 


W 


-ru 


_L 
T* 




m 








ml 
rr 


3 


^ 




Inft 




$ 

rr 






<}■ 


5ft 

B 
et 
1$ 

pg 




y_ 






JB 

4S 




















0 




t- 


CP 


"ftf 




flu 






-3- 




















IS 


rr 




am. 






3 


r* 




Jv 




s 


5^ 








IB 


77 








5A- 






t)* 


^" 








77 


/*\ 








Pr 




^ 




HH 




SI 


CP 


<r 




u, 
^1: 


c~ 






(V 






C 


£ 




C 


CO 


-A 




w 


1 


1 


Ilt£ 














<r 






< 




— 




w 


fi 




m 


3 




H 






»^ 


M 




r" 


rA 








3 






3 






£53 






ti* 

rn 


a 




>v 
f / 


St 


^ 


ill 


tB» 






o 


5^ 








cS 

r+r 












if?" 


=&i 

m 




3 




St 


-I? 




3 


OS 








§ 


/ * 


n* 
H* 




rN. 

m 




=&i 
n» 






-J 


dh]i 




«r 


5+ 


•a 


-\\ 




™ 


I 




bit 

or 






nfc 
H* 


ffr 


i 


fx 


^ 




f< 




IS 


^" 












Bi- 


Hi 


n& 

n» 


c£ 


Is- 












Pr 
















as 


is- 

TV 


m 




3w 


<~ 


iff 


ac 

ts- 




W 






t 


o" 












w- 


rm 
nr 


n» 


u 


*+ 


7 




fi- 




nls. 






ft 








-X. 


Sir 
jffl 




ilJ. 
7tr 




3» 

»- 


l ir. 

rn* 












rr 


° 








v 












8 

77 








ll 

H 








0 




G 










m 




77 


0 




o ~ 




^ 


3 


































H 


77 


iff 












^j- 
rP 

M 


h 








9(5 








J* 




rr 




Lt 
P 


77 










to- 








uK 
tv 












4** 








f* 






rn 

M 
-A 


it& 
3+- 

-H 


^+ 
-fr 

V' 


V 






Pr 


_^ 
or 




^_ 
r t 


11 




4fr 


V 




mp 


S3 












vl 


Vi 


O 


tH 


IB 


°r 


»^ 


M 












*\* 


ii. 

*3C 








m 


3tt 


H 




Sir 




*4 












OJf 




u 4 


3 




CP 


l; ^ 








1 1 




r* 








PJV 






$+ 






o 


tf^ 




3 


4 3 






»+ 




S* 






3 




D> 


l 






_i 


r+r 




3 




m 


I ^ 






iS 


V; 




TO 




IS 












<- 




3 




r T 4 










^ 




yi 


(Dfr 




£8 






*w 






£h 








O 


77 






0 


a. 




<ti 
O 










Pff 




-* 




■23 


■< 


\> 




3 5* 












SB 

2*S. 


& 


77 








I 


rr 




Jet 


> 


g ^ ^ 
rv S )W 








>i 




2? 






?*■ 
<v 


















$11 










"4 


4t 
<- 






3 






3^ 




cOr 




3 g 






Li 
P 




> 


0 


CH 




X 




rv 










3 


hH" rr 










ft 


<r 


f* 


A 




<~ 


V 




C" 








rr 


















A 


rv 




V; 




V: 


3 


r\ 






ri 
























ro 


^ 




V 


£> 


s 




m 




rA 














ft 










H 


H 


V. 


k 








% 




» 
















cp 




t 




























3 


CO 

o 




tV 






S< 




m 






® 

rr 


g 




ft 


-B- 






K 


rr 








r» 








>i 


S 


A 




77 






3 
















o: 








Pr 


V 






rr 


w- 


« 






§ 










r>_ 


3* 


s 




^ 


(~ 












H 




Pr ^ 










v: 


? 




3H 




3 


U 


rA 






3 










r* v 




m 




77 






WV 


F* 






s> 








is 


a- 








\> i 








a 






Si 


i> 


t/i 










flit 


V 


3 


^ r 




































as 


■ ^ 











Pr 3* 

3 5 

1 Bit 

* $ 

Pr 



^ a a c~ 

s* + ?*■ r> 

v \" vJ> ° 

>J M 3 

f i! » 

^ A 2ffl 

> V z 

jfcS r\ 



5 t 

^ i 1 



w 5 

go ^ 

ri a 
3 

F$ F$ ^ tt ^ 

N\ $11 ^ ^ 3 

r -r -i t- rr 

- r< 4 IS 5 

pr ^' 

$ ? d » S 

S * v: te ^ 

4 r> S' q g 

^ — Z\ "X * 

m w 



H q 

v m- 

V FS 
^> A 
a Fv 
> S 
+ Ift 

V Pr 
^ r- 

S* 3 

^ F# 

i ^ 

CO pJV 

$t 

V' 



^ r- 

d+* * 

f* ? 

Pr vJ> 

^ 3 

tJ- H 

o + 

° 9 
3 



5 + 77 

i V' vj 

C M H 

^ ^ i 

ft n ^ 

- n *■ 

^ > 0 

K V ^ 

rv 



ill 



EB 



-rr 



> 

Vi 

V* 
Vi 

H 

I 

Si 



m 



r\ 

38 



# t= 

m-ft 

F# 77 
rr €K 

e>i ^ 
3 

rr 



I 



>4 

V 




ft <^ ^ 

© w- 4j 

' r> & 

f * s 

V' s " M 

5 i rV 

S Si 5- 

!5 » 4 

^ 3 A 

£ r> 

v rr & 

«• r 1 

$ i * 

- 5 * 



r V ^ 



ft 



^ IS 



V' 



^ « „ 

t 5 £ w 

^ -5fc ^ 

S te $ 

h- 5 

to W 



S ^ 

h | - ~ 
i J£ I 

V; rr ^ « 

i r J a 

^ r\ ^ r\ 

a rv 

^. a 

•vi + 

h v 



77 

<H r^ 

m- 
I* 

rr 
Or 

3 

33 
B> 



rr t>* 

1 



3 Sjf ^ 

■W 1 ^ 

# * 

F$ rr 

m & 



v M 

77 



£& tan* 
CP CP 

h sr 



Pr ^ 

^ v 
& at 

^ 
ft 



> 



> 



f s* ^ w 

2 ^ ** ® 

3 » » 

s » I S 

8 ^ W T, 

5:5s 

rV 1 cn W 



8 



Hi » 

r>* $h 

^ -fr 

3b V 
S CP 

W 7* 3 

e ?> 
0 1 
[ 



St Hi 

3 77 



3 
^¥ 

» . - 

Ftt frO 
FS F^ " 
J§1 & 

CT 0^ ^ 

q 3 

n 5^ 

2(S f# 
CP CP 

q t> « 



ft a « 

M O CP 

0 g ? 

5 £ ^ 

c5 77 -a 

«■ ■» 

^ S A 

£ a 

C r- 3 

2 r> * 



r- 3 * 
" W v 

1* Ii 

5 > 
ft 



Si 

W S «5 

» 3 r^ 

H ft! a» 

^ cr rtt 



Pr p^v 

3 



h- 

3 — 

• s 

V 5 

Vi ^ 

m a 

pr r- 

1# " 

3 ^ 



$11 g 



2 * 



0 



r> Hb 
0 91 

v rv 



35 IS 

? r^ 



* S 



J0» 

C+ 

s ? s 

W 'l* rr 



3^ > 



s 



H 
ft 



$1- 

n 
v> 



9 

V' 
3 



o 

>-crc 

: 1 =1 

8 



i ? 



> 

E 

m 



3 
T) 


X3]D 


5» 0 
0 


CO 


p 0 




0 




CD 


H 

CH,C(0) 
SbF, 




0 


cn 0 
0 


— GO 
CO • 

co cn 


CO 0 


to 








S CD 



3 

E7T 



3 

TO 






rS 






1 5 

ro <z> 




CO 


0 






is 

cn . 

cn 0 


O 
"X 
O 


CO 


CD 








O 
IT 




xP 

— CD 


b 
0 


CO 

0 




0 






7 \ 

o 



o 



C5 



5 * 



I3i 



F$ 

0 



ft 

3 



5& ® 

3 or 



m f$ 

3 5 

3H }5& 



■ft ffl 

3 !# 



3 % 

S ^ 

3 3= 

3 

a ; 

w - 

* 3 



Fr ~ 
I * 



" WW* 

3 f S 



^ u 

v 3 

* ft 

if 

> k 

ft M 

^ Vl 

S 1 



m 



life o 

2& v 
f* Vi 



ft 



ii 

ft 

3 

§ 

-H 

3 

F* 



* 3 

-r gH 

re, J3$ 

I Or 

w & 

° 4 



F$ 

3 CT 

SI 

$3 
Cr 

cr 

3 

it 



CO 

s 



t& a IB 

& & 

<r m 

^ 

k *» g$ 

H g g 

ia ^ 2 

— w 5 

* a ^ 
» n r- 

* ^ i 

J@ ;^ 

air vJ> 

m Pr ? 

M &* 



3 PS 
^ m 

^ it 

3 « 

12 

a. < 

^ m 



n m s » 

^ c- 03 5(3 
IS 4* 



ft ^ n 

3 * >J 

ffl § n; 

St ^ v 

^ a* u 

on B | 
( 



I ^ 

u £ * 

v 25 ^ 
>. 

^ ^ n 
K 

~ # 

^ * r- 
& ?B 

la 25 ° 

JSC Or fv 



1 

co Ml- 

L@ ^ ^fc 

- « + 

-r ^ K' 

+ ft S 

Or S 

^ m tes 

^ * ft 

» m ^ 

^ ^ ^ 

^ a 5& 

a w 5t 

5 r M 

N O 31 

^ 



91 

?*■ 

ft 
k 



CT 

H 
I 

a 

32 



9 
I 



o 
42. 



O 



o 



0: 



0 6 



o 

I 

o 



o 

33 



3 
in 



c 3 



3 



o 

CO 

5T 



Ii 

M 

H 

m 
a 

3 

$1 



ff Or 
c- ^ 



3 Z 



^* SB 
i Z 



di 3 
^ iff 



^ s 

5 3 

SI 3 

i -a 

» i 

n 3 

M n 

?+ tfr • 

5 2 



3 



^ It 

V 



i! S £ 



I* 3 



m 
k 

; 

JS 



» ft 

3 ^ ' 
S: ^ 



3 



□> -is 



Or V 



&F 

F$ 
3 



3 W- V ^ 



3 

" g$ or 

0> 3 

M PF 

E£ ^ 

F5 ^ 
S 

911 I' 

c- ^ 

r> V 

° u 

3 5t 



is cy 

s ^ 

J SB 

2 » 

□> 

Or 0-j 

a ° 

0^ 



v4 Or 

&• # 

Or ^t' 

# cp 



.« 3 

3 ^ ^ 

& tf> ^ 

3 m 

S3i ps a 

rj> * 3 

3 ff 

2 0 

N> ^ K 

Or 0"" or 



F# v ?5 



H 



a*- atf >+ s* 



^' r rj «fe 



Or 



- i> a 



1 H f< 

? * £ 

K V' n> 

° S v 

a- or i 

i ^ 

1 M S 

w ^ 
sis 

tfr CT r\ 

h * ^ 

<5 S a) 

(ffi IK 

+ r< » 



H 

CT + 

a* v;- 

* as 

f* > 

Or <hr 

^ <=■ 
£| 

H 

^ + 

Or ^ 

a* §§ 

^ to 

^ 3 



fflCf »+ 

3 > 3 

x 2 n 

g «■ rBO 

i 2 ^ 

3 ? * 

» ^ * 

h !T ' 

g- (t c< 

If ^ 3 

co o s 

^ ^ :S 

I s 



> ^ 



?+ 



3 



CP 



ri 

t 



3 

# 3 



# rr 

H 5 

ft H> 

3 rr 

Or 9> 



Or 

r* 

Ok Or 
5* 5^ 



03 > 


TO > 


TO > 


CD > 


CD > 


to > > 


f 


8 8 




1 1 


8 8 


8 J 


a ib 
8 S * 


5* 






»? 


o 

V f 


K ? 


V @ 




o 

X 


CO ♦ 

O J 1 


CO ♦ 
O J1 


CO ♦ 

0? 

O t» 

x 5j 


2 

1 

to ♦ 


i 

to* 


c? 
cf 
c' 


Oi 

CT 

-n 


O 
X 


X 




01 

o w 


O Co 
X cr 


3 

1 










X tr 
Tl 






8 S 


3 S 


« 8 


3 8 


3 3 

ro ro 


3 3 3 

_ _ rn 


c 
(t» 

3 










M 
o 
cn 




O 

o 


£d 
OI 








t 


« s s 


TO 
O 










ro 2 
o 


• 8 £ 


CO 

o 




to 




i 






g 


tn 


to ^ 


« g 


ro ife 
ro o 






00 

o 




cr> ro 
cn 


cn 








o 








O 






i 



S 



BP 

< 

o 

S3 




Sfc ft 



rv p r 
» % w 

i g II 



6* ^ 3* n 



3& 



5 g !* 

^ g rr 

§s w s 

a * I 

cr *K cm 



* 5+ 

rr # 



ft rr ^ 



V 



- 2 3 

Q £ * rr 

£ § 2 » 

* 8 MS % 

i» w «■ m 

^ Hi j* F$ 

> 9* K 3 

fS n gti =H 



f » ^ 

* ^ ® 

® s? ^ * 

» - * w 

_ r> rr 



a 



4 5= 

Hi a 



do ^ 

a - CT 



5 a «p 
^ — 

i & r 

; n 5 j 

x <^ * * 

+ ^ 1 S v 
C 

r+ > 
m 



V ^ M r 

V; ^ =r nr 



( 



° a 



o o 



M h- 

4 Hi 



ft 



^ ri W 

'•i "*» t 

fc- " IE 

fc£ ^ w 

§ £ iB 

o £ r< 

_ O — »s 

rr 

-fr Hi * 

ft & £ 

> ?> g 

s S 5 

8 ^ Hi 

» m & 

H« a<f 

M >T ^ 



s 

a 



Ti 


0» 






s 








>j 


£V 






life 


m 






& 


ii 


5+ 




\> 




S 


> 


fit 














rr 










H 








as 


531 














Hi 




A. 


H 








r> 


a 




5 


s 




rr 








V 


a 


$ 


a* 


33 


rr 





Geflation time (sec) 



5 H 



85 



^ *r *• 



> 

4 



at a 



Vr C5 







H- 




1 


OO 

to 




J* 


Cf 


1 




Hi 




24 






S 


0 


0 


I» 






^4 




i3 


V 












i 










a 
as 


& 




w 








5^ 






ro 






09 






rr 






al 












EH 






ft 





Or 



a? is co — 



CO ^ 

s 

a ^ * i 
a 

rr 



v- n 
ft 9ii 



Imti 

H« 



II 

1 | 
a I 

I! 

3 « 



0 • 

1 t 



I 3 



a ^ 

* a 

Sr 

«Q O 

to m 



8 3 § 

w 3 

« » -o 

1= S 1 



I 
a 
S 

f 



^ S 



- 


o 






-ft 

n i 


7#e 

'/ 

i 




qq m 

— e« — • 

< i i 


e 

■e 




>J 
1' 



H 

ft 
3 



O 



i 3 

| I 

I I 



CD 


> 


I 


» 






14. 






ti 










s? 

i' 

K 




s 


(O 


8 


s 


s 


to 


^. 

o 






g 








(D 


o 






8 




g 




1 


3 






rg 

CO 


B 


1 

s 


B 


3 


3 






B 


3 



o 

V) 

o 





m 

4iU 



a » 

3? ^ 



CS (V 

Hi # 

m m 

at so- 
ft p 



m ' 
w i 



0>c 
?* 

ft 

> 
to 

W 



o. r- 



rr M r 

fig 



^ ^- M- 



-r ^ 77 



i' a 



SB 

a m 

3? 



VP 

is* m 



ft 3f 



" Hi 

a $ 



^' rr 



a - 



Hi # 

$v rr 

^ 511 

Or 

^ a 



^ ^ a 



ft St 



sit r* 

J a 

P Hi 

a 

m ^ 

5 S 

5 ® 

3 S 



<^ g» ^ 

0* ^ 5; 

i $ S ^1 



... h- 

i w piv 4 



?f Or 



a 



9 ^ 
?*' ^r 



5 9ti 



i§n J3D- 

s ^ 

a a 



^ a «■ ^ 



S ^! w ^ 



^ ft 



Fv ^ 

rr # 

g Sif 
rr ' 

S s 

o 

rt 



$1 ^ ri 



a . 



^ 4 ^ 



-B aw 

a 5 

5t 9lt 

H c- 

■* f* 

V Or 



4 
to 

rr ^ 



I* 



z a 



rt 



^ - 

vT* rr 
CM O 



* s 

l3tt °* 

? f 

a ^ 

5 ^ 



ft 

• m 

315 > 



Hi 

a 



gfr + So 



* 2 

rr rr 

^ ii 

o + 
V 
ft 



3* 



5^ 



a 



mm 



' a * «° rr 
^ (V J ^ | 

Bl 5 ^* S ^ 

5 * i * ¥ 

33 „ » rr o 

* cfc 2$ 

g 5 m q 

^ ^ ~ 
£ » 
g ^ » 

ift s+ rv 

# V c 

6 M M 
9 SI 

$5 & SS 

r* KF *4 



* ... . 

It M> k 

g- o* 3 

S> ^ w 

ft r> 

^ 5fi 77 



ui ci. ro <- 



52 vji r 4 ^ J 



a n ^ s 



i 



# rj 



5 3 di 

6 ^ " 
rr «v 
r * r> 
r\ -r V; 
31 v. 
S$ a H> 

6i PtV M 



r r? v" a* R? 



0 



^ m ^ S 



55 JR 3 



? > 



In rye 



w m & 
^ 

5& ^ ft 
* D > Q 

tfr £ 

r* o W 

^ rf " 
? ^ 

a tf- ^ 
ss ^ * 

» » * 



* rr d « 



3? n& 

3 -H 



ri n 

3 ° 

at * 



g 0- 'V ri 

IE to 

on a- ^ 

n hr iin 



v on 

as rr 



3? 

55 7* 
$ 5(5 



h 

m g 



il 

£ cr 



5T 



55 



4 t- 3 w 

5 vii 38 @a 

3? a. a a 

M w 3 



a 



^ £ 6 

5(3 a> 

7T ^ n 

* IS 911 



3 



0 



77 

m 



77 



r^ ' 



o re 



rr 

1^ 

77 
» 

Eft 



S 3 



> 



2. > S- g. 



ft) » 

r ^ 

ft 3 

° ^ 



m 

h- ^ 



Viscosity (cps) 



5 
1 



^ ° 


O 
a> 






-a 
o 
m 


Comp 


s 


p 


to 




» 


o 

f 

to' 

I. 

o 

3, 


CD 

QD 
In 


s 


13 

o 




m 

I 

(5 
w 
3' 
> 


Is 


3 8 S 






I 

g 


9 
I 




S M N 


o o o 

U M M In In in 


O 


H 

3 

a> 


3 1 

a. I 
5; I 
D 




S B S 




8 




:r 

e 


2 1 


b) o> 1 


os tn q co co » 
io > ^ io cn U 


tn 
o 




g 1 


& 




w 


111 

1 et a 


O o 


o o o 


a p p p p p 

it ^ A M U V 


o 


J 

o' t» 
cr 

-a 

5* 

D 



(ft 



H 



-r* K v 



m 











-St 


A 






1 












J* 




-r* 












VII 


O' 




-r 


» 






77 


Vil 




s 








-X 


cr 

«v 


01 

ri 


n! 






?s 


41 


r 




{V 


<r 




<7 


c~ 










H 


A 




r> 


MS 






m 


H 




^ 






s» 






&■ 


I 




-i- 




S 


(>* 


rr 


i 








rv 








# 




ts 


Pr 




r»' 




77 




77 










Vj- 






3 






<r 




it* 




rt 










1 




rr 


m 


3 










to 


50 








0 




4* 









^ 3 

s * 

g> 3 

rj V 



3 

v n; 
it 



» 



10 9- C- 



cr ^ 







8f 


fci 


» 








\ 
bi 


\ 


s 
in 


in 


nium salt 






CO 


CO 


CO 


CO 




:f 

3" 














8 


8 


§ 


I 


8 


y resin B 
















5 1 




ro 

=1 


CD 

tn 




S 


J? 

E 














i 



5. IS 



3 



3- _ O. _ O. _ O. 

S- 5* •— ■ *— 



3 

on W 



3 



9 

B 



r* co 













as 




DC 


CO 






-o 








Lam; 


1979). 


1 


.979). 


Lam; 












T) 




O, 




•-o 
o 


3 




><* 
3 




f 


(A 










o 

r* 











3 s 



rr 

m 

m 

m 



in 



E- 

LI 

I 

Si 
V 



bi > « ^ m 

a ^ w * ^> 

^ « ^ S at 

^ I 1 i 

^ sg p » » 

>4 S B M> $ 

* s 

^ i 5 

H to oo 

I ^ I 



>4 
it- 



CO 




S9i 



i 




S3 sr 



ac g 

c . .1 

0 » 

1 1 



> 
> 
> 



25 
O 
O 



ST S3* 




to r4 



III M 

f » S 

o - * 

lil 



111 



>ft 



58 ft 

mp 34 
EH 



mp m 



ft 



> 
ft 

77 

H 
-ft 

SI' 



o 



S Si 

at X- 
H 



HI 

s 



* ^ * $1 r> 

ff ff ^ = ^ ( 

rv 3$ rv ^ s ^ ijf 

"IB IK * ^ 

n|t W 3 

r as at ^ 

° 58(1 ~ ^ 

a a m* 

<y i n ^ 

u r* n r n 

v ^ a ^ v ssj 

^ * ^ ^ # % 

~ f s f S 

p*v 



O-O 
X X 



•"I 



a 
m 
» 

f* 
H 

-ft 



3 1 S 

Ht $i 3 

-=4 5 <~ 3 

r$ r\ a$ 

»+ w 3$ 



r 

v 

H 
V- 

V- 
life 



0 



o 

X 

or? 



3 



^\ V M 

^ ^ J5i 

Dfr S K 

r « 4 

r> in « 

a- 

(V 

^ S 

3 « 

3 

> $ 

S * 

3 * 

S IB 

* IS 

M H 

0 * 

5 



£h 3 ti- 

* *i a- 

ffl si 

^ rrf a- 

•* » 77 

- tt 5 

kid E 



3 

3 n[p 
St ?*■ 



O-O 



I ^ 

S 3 

m h 

3 rr 

St ^ 
rv 

3 # 

^ ?*' 

a- ^ 

o 5 

3 

^ 5- 

m h 



tt- 3 

ta si 

3 5> 

3 H 

Or V 

o Sg 

' 3 

3^5 

n 

(V -A 



tta 5 



s ^ 

^ H 



life n 

Wa ft 
•■ W 



H- 



H 
I 

> 



IF 

H 

fx as 



5 



A3 
r* 3 



m 

Or 

<r 

r\ 

H 



2£ 



■4 s a 

«! » « 

* e- 7* 

3 m 

& 3 

& @S 

■* a- 

^ <^ 

I* T 

M P^ 



F* 3 



M -M- 

^ ifc V 

$i fv ^ 

«S ^ rv 

t*a. ,*t 



5V 



3 ^ 
or- 

* ? I 

5 * * 

n 

H M 

$ & 

rv q on 

r « S 



31 


>4 








3 




S> 






3 




r^ 




a- 


















^ 


H 






rr 




* 


77 




m 


3 


3 




Pr 




3 






19 












3 


» 


ED 


^ 


i 




OJc 




3 




0 




pt*- 


3 


Ml 




3 


r\ 


rv 




ft 










$ 
rr 


2m 


9^ 






M 


rv 


4 


0* 






m 




CH 


H 








9 


3 


(V 










3 






-ft 


3 




1 




24 


n 










Mi 


Ok 






m 




4 


If 


3S 


rv 


a 




Pr 


0* 




rv 




3 


fv 








5 m 

rv 


* 




(V 






3 


rv 


^ 


p?v 


3 








« 


r * 




« 


3 


S 






fr 


4 




r * 






■» 


0 






rv 


* 




pi*- 


r\ 


3 


» 




-* 


3H 




Pr 


94- 




«{ 












0 




!B 


A 






-A 


r\ 


« 








VP 




m. 

rv 


Or 


















r* 




« 


9 






77 


(V 






3 






77 




4^ 




a 










H- 




3 


3 




0 


3 






Si 




w 




a- 






ft 




&* 




(~ 


is 






a 


HP 






-A 




a; 


rr 


r~ 


a- 




T 




f * 


a- 


r> 






f> 








1(9 


ts 




r* 


n 
r 






SB 






3 




31 




3 




1 


rv 




hd 


0 


3 


Ml 






rv 


as 



# 



H 
-ft 



3 
5ft 

a- 

n 



nn 
3 

a 



>4 
V 



Ha 



< 



